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Rice yields of 10 and 6 t/ha can be achieved in the humid tropics dur- improved, but Kett whiteness decreased with late N fertilizer application.
ing the dry and wet seasons, respectively. At these high yield levels, late Brown-rice weight was not affected by late N application. In most cases,
nitrogen (N) fertilizer application at flowering at the International Rice there was a significant positive correlation between head rice content,
Research Institute (IRRI) farm often results in increased rough rice yield milled rice protein, and translucency. Thus, when crop management
of IR cultivars and is accompanied by higher milled rice protein and seeks to achieve yields that approach yield potential levels, late N fertil-
increased total and head-milled rice contents. The combined effects of N izer application provides an option to improve milling and nutritional
application at flowering resulted in a 30-60% increase in head-rice pro- quality of rice grain.
tein yield in three field experiments. In general, milled rice translucency

A yield decline has occurred in several long-term experiments
where continuous irrigated rice is grown in the Philippines (Flinn
and De Datta 1984, Cassman et al 1995). In recent studies to
identify the cause of decreasing yield trends at the International
Rice Research Institute (IRRI) farm, increased nitrogen (N) fer-
tilizer rates including a top-dressing applied at flowering stage
was found to increase the yield of IR rices (Cassman et al 1993,
1994). It was hypothesized that the current low yields at the IRRI
farm were partly related to a change in the N supplying capacity
of soil which results in low N concentration in the leaf canopy
during the grain filling period, early senescence of leaves, and low
rates of photosynthesis (Kropff et al 1993; Cassman et al 1995).
Consistent with this hypothesis, grain protein content also appears
to have decreased. For example, mean protein content of milled
rice was typically =7% in the 1960's and 1970's at the IRRI farm
in plots without applied N (Cagampang et al 1966, Eggum and
Juliano 1975, Gomez and De Datta 1975), whereas grain protein
from 0-N IRRI field plots (block B4) in the 1991 wet season was
only 5.5% for IR72 and 5.0% for IR58109-113-3-3-2 (IRRI, un-
published data).

Fertilizer-N application up to panicle initiation stage is known
to increase protein content and possibly grain yield of rice (IRRI
1964, Nangju and De Datta 1970, Taira 1970, Taira et al 1970,
Seetanum and De Datta 1973, Patrick and Hoskins 1974). Spray-
ing urea (Nishizawa et al 1977) or triazines or substituted ureas
(De Datta et al 1972) on the rice leaves at the heading stage also
increased grain protein content of rice. High protein content im-
proves the whole-grain or head rice content (Nangju and De Datta
1970, Seetanum and De Datta 1973, Blakeney 1979, Jongkaew-
wattana et al 1993) and milled-rice translucency (IRRI 1964, Ca-
gampang et al 1966). Protein distribution within the grain
becomes more even as protein content increases because the num-
ber of protein bodies increase (Juliano et al 1973). High-protein
brown rice is more resistant to abrasive milling than low-protein

'Plant Breeding, Genetics, and Biochemistry Division, International Rice
Research Institute, 4030 Los Bafios, Laguna, Philippines. P.O. Box 933, 1099
Manila, Philippines.

2Corresponding author. Present address: Philippine Rice Research Institute Los
Bafios, University of the Philippines Los Baiios Campus, 4031 College, Laguna,
Philippines.

3Agronomy, Plant Physiology, and Agroecology Division, International Rice
Research Institute.

Publication no. C-1996-0805-02R.
© 1996 American Association of Cereal Chemists, Inc.

556 CEREAL CHEMISTRY

rice of the same variety (Cagampang et al 1966). The increase in
protein content in milled rice is reflected mainly in the storage
proteins, glutelin, and prolamin (Michael et al 1961, Cagampang
et al 1966, Nishizawa et al 1977) located in protein bodies
(Juliano et al 1973). An increase in milled rice protein <10% pro-
tein only slightly reduces the lysine content of the protein, but has
no effect on lysine content when protein is >10% (Cagampang et
al 1966, Taira et al 1970, Nishizawa et al 1977). This was con-
firmed by actual N balance studies of milled rices differing in
protein content in rats (Eggum and Juliano 1975, Nishizawa et al
1977) and in humans (Juliano 1993).

Rice is the major source of dietary protein for most people in
tropical Asia (Juliano 1993). Head rice is more valuable than bro-
kens, and consumers prefer high head rice content and more
translucent rice (Unnevehr et al 1992). The objective of the pres-
ent study was to determine the effects of increased yield due to
higher rates of applied N and application of N fertilizer at flower-
ing on protein content and grain market quality of milled rice.

MATERIALS AND METHODS

Three field experiments were conducted in bunded plots at the
IRRI irrigated lowland farm in 1992. Treatments were arranged in
a split-plot completely randomized block design in block M10
(Experiment 1) in the dry season. Main plots included 1) a control
without applied N; 2) a standard split application of 120 kg of
N/ha broadcast and incorporated 1 day before transplanting (basal)
and 60 kg N/ha at panicle initiation (total 180 kg of N/ha); and 3)
multiple split applications which included 60 kg of N/ha applied
basal, mid-tillering, and panicle initiation plus an additional top-
dressing of 45 kg of N/ha at flowering (total 225 kg of N/ha). Rice
cultivar IR72, line IR58109-113-3-3-2, and hybrid IR64616H
were subplots.

Another dry-season experiment in block B4 with IR58109-113-
3-3-2 (Experiment 2) had three N fertilizer levels of 0, 150, and
190 kg of N/ha, and three N application timing treatments (basal +
panicle initiation, basal + maximum tillering + panicle initiation,
and basal + maximum tillering + panicle initiation + flowering)
arranged as a completely randomized block design.

In the 1992 wet season (Experiment 3), treatments were
arranged in a split-plot design in block K3. Main plots were a
factorial combination of four N fertilizer timing treatments ap-
plied before panicle initiation and three rices: IR72, line IR58185-
23-3-3-2, and hybrid IR64616H. Subplots were without N appli-



TABLE I
Effect of Rate and Timing of Applied Nitrogen on Rice Characteristics-Experiment 1 (1992 Dry Season)

N Fertilizer Treatmenta (kg N/ha) Milled Rice

Rough Rice Brown Rice 100- Total Milled Head Rice Head Rice Protein Whiteness Translucency
B MT PI FL Total Yield (tlha) Grain Wt (g) Rice (%) (%) Yield (t/ha) Content (%) (%) (%)

0 0 0 0 0 5.26c 2.04b 68.4c 37.5c 1.97c 5.62c 51.1a 58.2c
120 0 60 0 180 9.33b 2.13a 70.2b 47.1b 4.39b 7.58b 44.3b 76.4b

60 60 60 45 225 9.89a 2.13a 70.8a 57.7a 5.69a 9.56a 40.4c 85.5a

Variety
IR72 7.98b 2.04b 70.3a 38.8b 3.10c 7.63b 45.2a 69.5b
IR58109-113-3-3-2 7.92b 2.23a 69.3b 50.4a 4.00b 7.07c 45.8a 65.5b
IR64616H 8.58a 2.03b 69.8ab 53.Oa 4.55a 8.05a 44.8a 85.2a

Significanceb
N fertilizer (NF) ** **
Variety (V) * ** ** ***ns
NFxV ** ns ns ns ns ns ** ns

CV (%) 3.3 1.8 1.1 19.4 22.5 4.4 3.0 6.7

a B = basal, MT = maximum tillering, PI = panicle initiation, FL = flowering. Means in the same column and heading followed by the same letter are not
statistically different (P < 0.05) by Duncan's multiple range test.

b * = 0.0l < P < 0.05, ** = 0.001 < P < 0.01, *** = P < 0.001.

cation after panicle initiation or with an additional N topdressing
at flowering stage.

Both IR72 and IR64616H are early maturing with a growth
duration of 112-115 days. Lines IR58109-113-3-3-2 and IR58185-
23-3-3-2 are medium-early maturing with a growth duration of
122-125 days. In all experiments, each treatment had four repli-
cate plots of 19.25 m2 (7.7 x 2.5 m) each, hill spacing was 20 x 20
cm, and three 13-day-old seedlings were transplanted per hill.
Transplanting was done on January 16th in the dry season and
July 8th in the wet season. Mean solar radiation was 18.0 mJ/m2

in the dry season and 16.7 mJ/m2 in the wet season. Phosphorus
(26 kg of P/ha), potassium (50 kg of K/ha), and zinc (7.5 kg of
Zn/ha) were applied basal and incorporated during the last har-
rowing. Nitrogen was added as granular urea. The plots were
permanently flooded from 4 days after transplanting up to one
week before harvest.

Rough rice samples for quality evaluation were obtained from
the center of each plot at harvest (adjacent to the 5-m 2 area for
grain yield), at least five rows from the border, threshed, and dried
in the laboratory for 24 hr in a forced-air oven at 35°C. Mean
daily temperatures during grain ripening were 25-29°C in both
seasons. After drying, rough rice samples were stored for three to
four months at ambient temperature before processing to ensure
stable milling yields. Rough rice for each plot was dehulled with a
Satake THU 35A type testing husker, and percent hull was deter-
mined. Brown rice 100-grain weight was determined in duplicate
per plot. Bulk density was determined in duplicate per plot
according to USDA (1982) for test weight. Milled rice length and
width were determined on duplicate 10 grains per plot with the aid
of a photo-enlarger (10x). Length-to-width (L:W) ratio was cal-
culated. Milled rice thickness was also measured on duplicate 10
grains with the use of a Makino Keisokuki MK-100 caliper.

Brown rice samples of 100 g from each treatment plot were
milled in a McGill-type miller no. 2 with the 685 g added weight
on the pressure cover for 30 sec, followed by 30 sec without the
added weight. Total milled rice weight was determined. Head rice
yield was determined by sizing milled rice with a Satake testing
rice grader TRG 05A using a 4.75-mm mesh indentation, weigh-
ing the brokens and whole grain fractions. Total and head milled
rice yields were calculated as percent of rough rice. Head rice
yield in kg/ha was calculated from rough rice yields determined at
harvest of each experiment from a 5-m 2 area within each plot.
Kett whiteness of the milled rice was measured in duplicate with a
Kett Model C-3 whiteness meter. Translucency of milled rice was
measured in duplicate with a Riken Sanno rice meter (brown rice
model). A representative milled rice sample was ground in a Udy
cyclone mill with 60-mesh sieve and analyzed for crude protein

(wet basis) by the microKjeldahl method using the factor 5.95
(Juliano et al 1973).

Treatment effects on rough rice yield, grain quality parameters
and head rice yield were evaluated by analysis of variance and
Duncan's (1955) multiple range test. Simple correlation
coefficients were calculated for the relationship between head rice
content, milled rice protein content, and translucency.

RESULTS AND DISCUSSION

1992 Dry Season Experiments
Experiment 1. Grain yield of three rices in block M10 increased

with increasing N fertilizer rates and number of split applications
(Table I). Highest rough rice yield was obtained with the hybrid,
IR64616H, which gave a yield of 10.7 t/ha with total applied N of
225 kg/ha. Milled rice protein content was lowest in the 0 N
treatment and highest with a N rate of 225 kg of N/ha. Protein
content and translucency were highest in IR64616H and lowest in
the later maturing line IR58109-113-3-3-2. Kett whiteness of
milled rice decreased and translucency increased with increasing
N fertilizer rate. The decrease in whiteness was not caused by
undermilling of the high-protein samples, as the degrees of mill-
ing (8.2-8.7% bran-polish in 1991 samples) were similar
(unpublished data). Thus, the decrease in whiteness was due
mainly to the increased protein content and not to undermilling of
high-protein samples (Cagampang et al 1966).

Both head-rice milling recovery and head rice yield increased
progressively with an increase in N rate (Table I). Head rice yield
was more sensitive to N fertilizer regime than rough rice yield.
Rough rice yield increased by 6%, head rice yield increased by
30%, and the head-rice protein yield (kg/ha) increased by 63% in
the 225 vs. 180 kg of N/ha treatment. Percent hull also was lower
in the N-fertilized plots (20.8, 20.7, and 21.9% for 225, 180, and 0
kg of N/ha, respectively).

Bulk density of rough rice (0.55-0.57 g/cm 3) was not affected
by N treatment. Brown rice weight was higher in N-fertilized
treatments than in the control (0 N), but was unaffected by
increasing the N rate from 180 to 225 kg of N/ha. Brown rice bulk
density decreased significantly (P < 0.05) from 0.762 at 0 N to
0.761 g/cm3 at 180 kg of N to 0.757 g/cm3 at 225 kg N, reflecting
the lower density of protein relative to starch (1.3 vs. 1.5 g/cm

3
).

Experiment 2. The specific effects of N application at flowering
on protein content and grain quality were compared to effects of
an increased N rate in the vegetative phase up to panicle initiation
in a more detailed study with IR58109-113-3-3-2. As in Experi-
ment 1, protein content, total milled rice content, head rice content
and yield, and milled rice translucency increased in treatments
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